ammonium sulfate recorded 43.38% of the terpineol-4-ol (the main compound of the oil), while irrigation with tap water recorded 26.41%. Also this treatment increased some compounds of marjoram oil percent; such as α-myrcene, αterpinene, α-phellandrene, Ç-terpinene, α -terpinolene, Llinalool, α-terpineol and linalyl acetate with mean values of 1. 08, 5.91, 1.13, 12.45, 2.40, 3.48, 3.53 and 6 .35 compared to tap water treatment, which gave 0. 89, 4.31, 1.08, 8.81, 1.91, 2.64, 2.97 and 5.66 for these components; respectively. The obtained results also indicated the possibility of obtaining the highest values of chemical constituents such as total carbohydrates, nitrogen, phosphorus and potassium percentages when plants were irrigated with magnetized water with the addition of ammonium sulfate at a rate of 14 g / plant under the conditions of the experiment. Key words: Majorana hortensis, magnetized water, ammonium sulfate Introduction:
Marjoram (Majorana hortensis L.) is a bilateral strabismus herb belonging to the family Lamiaceae. It is native to the country's south-east of the Mediterranean basin. It is also grown in Germany, as an economic crop, which is used as a spice in many types of foods. Its leaves, flowers and oil are used as a medicine. It contains a volatile oil and many flavonoids; terpineol, glycosides, linalool, sabinene, triterpenes, thujanol and thymol, as effective materials (Edris et al., 2003 and El-Ghorab et al., 2004) .
Marjoram from cleared vegetation is the best herbal antioxidant, emulsion flowers and dried branches are used to treat cough, asthma and infectious disorders and intestinal bloating, and are useful in the treatment of allergic nasal inflammation. Also, marjoram is used to treat the common cold ‫الزراعية‬ ‫للعلوم‬ ‫العربية‬ ‫اجمللة‬ ‫اجمللد‬ ‫الثالث‬ -( ‫العدد‬ 5 ) ‫يناير‬ 0202 3 3 massage nasal ointment herb juice, rinsing the mouth, and using water extract of flowers is very useful for the body.
The most important medical benefits of the marjoram plant eliminates flatulence and stimulates the flow of bile and anti-inflammatory thoracic and tonsillitis. Also used for treatment of inflammation of the trachea, asthma and as a menstrual diuretic and good for stomach pains. Weed scientists also advised to use the marjoram herb for the treatment of glaucoma, because it contains anti-oxidants, as it prevents the occurrence of glaucoma (Tahraoui et al., 2007) .
Marjoram is also used in the form of tea that regulates hormones and the menstrual cycle, and eliminates the hassles of menstruation. Since it is a general tonic and works to restore hormonal equilibrium, also removes excess water from the body (Triantaphyllou et al., 2001) Medical studies confirm that marjoram has the effect of analgesic and anti-depressant, and the extract of the herb has a stimulating effect on the immune system, completely equal effect known to Nigella sativa. And marjoram oil is also used in the medical fields as one of the centrifugal gas vehicles in the installation of medicines that treat rheumatism, eczema and infectious ulcers (Farkas, 1981 and Leeja and Thoppil, 2007) .
The use of the magnetic field as a treatment of water was observed for many industrial purposes. Agricultural and medical terms were used by Shimazaki Seed Company of the magnetic field in improvement of seed germination and acceleration of growth.
Many studies on using magnetized irrigation water were carried out (Nasher, 2008 and Hozayn and Abdul Qados, 2010) , on paulownia seeds (Atak et al., 2000) , vegetable crop (Çelik et al., 2008) and chick-pea (Maheshwari and Grewal, 2009 ). The magnetized irrigation water led to a significant increase in plant Rania M. Khater Doi: 10.21608/asajs.2020.67987 ‫ــ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ت‬ height and fresh and dry weight, where the increase was estimated at 20%, compared with plants that were irrigated with nonmagnetic water. The various agricultural operations performed on marjoram plants have a significant impact on the vegetative growth and essential oil production. Particularly, nitrogen fertilizer is considered an important factor for increasing the production of marjoram vegetative growth and yield of fresh and dry leaves and volatile oil. This results have been reported by Usha and Patra (2003) , Dasha et al. (2006) and Alsafar and Al-Hassan (2009) , on Ocimum basilicum (Singh and Ramesh, 2000) , Chrysanthemum coronarium and thyme (Baranauskienne et al., 2003) , sweet fennel plants (Al-Said, 2005) , rosemary (El-Shakry, 2005) , Anethum graveolens (Min et al., 2005) and mint (Omer et al., 2008 and Phuong et al., 2008) . The purpose of this research was to study the response of marjoram plants (Majorana hortensis, L. family Lamiaceae) to irrigation water (tap and magnetized water), and different levels of N-fertilizer as well as their interaction on the productivity, essential oil and chemical composition.
MATERIALS AND METHODS
This work was carried out at the National Research Center greenhouse during two successive seasons of 2013-2014 and 2014 -2015, to study the response of marjoram plants (Majorana hortensis, L. family Lamiaceae) to irrigation water types (tap water and magnetized water), different levels of Nfertilizer as well as their interaction on vegetative growth, essential oil production and chemical compositions of plants. Seeds of majorana plants were gratefully obtained from the Department of Medicinal and Aromatic Plants, Ministry of Agriculture, Dokki,Giza,Egypt. The seeds were sown in the nursery bed on 15 th of November, for both seasons. After 45 days, seedlings were transplanted in plastic pots; 30 cm ‫الزراعية‬ ‫للعلوم‬ ‫العربية‬ ‫اجمللة‬ ‫اجمللد‬ ‫الثالث‬ -( ‫العدد‬ 5 ) ‫يناير‬ 0202 5 3 diameter, filled with sandy soil. The pots were watered according to the estimated irrigation requirements of majoram plants. The mechanical and chemical analyses of the soil are shown in table (1). The chemical analysis of irrigation water is tabulated in table (2). The magnetic water exposure used in the study is shown in fig. (1). 
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The experimental design was split plot design, with three replicates, types of irrigation water were the main plots and Nfertilizer levels were sub plots. Each replicate contains 6 pots and one plant per pot.
The experiment included two factors. The first factor was type of irrigation water (tap water and magnetized water). The irrigation water was treated with a magnetized device before applying to plants. The water passed through 250 MT magnetron unit of 3.5 cm diameter, produced by magnetized technologies (Germany). While the second factor was N-fertilizer with three levels (0, 7,and 14 g/pot) as ammonium sulfate (20.5% N). The treatments were as follows:
1. Tap water 2. Magnetized water 3. Tap water + 7 g/pot ammonium sulfate 4. Tap water + 14 g/pot ammonium sulfate 5. Magnetized water + 7 g/pot ammonium sulfate 6. Magnetized water + 14 g/pot ammonium sulfate The nitrogen fertilizer was divided into two equal doses; the first addition was applied after one month from transplanting on 15 th of March, and the second one was added on 15 th of July (after two weeks of the first cut).
The following data were recorded after each cut (i) vegetative growth parameters [plant height (cm), number of branches, fresh and dry weights of herb, stem, leaves, roots per plant (g) and root length (cm)] (ii) essential oil production including essential oil percentage of dry herb, determined after two cuts according to British Pharmacopoeia (1936) , essential oil yield (ml/plant), the yield of oil produced per plant was calculated by multiplying the average dry weight of herb per plant by the oil percentage, and essential oil composition in the second cut of the second season, which was analyzed by using GC-mass according to Bunzen et al. (1969) and Hoftman (1967) ‫الزراعية‬ ‫للعلوم‬ ‫العربية‬ ‫اجمللة‬ ‫اجمللد‬ ‫الثالث‬ -( ‫العدد‬ 5 ) ‫يناير‬ 0202 7 3 methods and (iii) chemical constituents included total carbohydrate percentage determined according to method described by Herbert et al. (1971) . Microelements (nitrogen, phosphorus and potassium) percentage were estimated. Nitrogen percentage was determined using Nissler method according to the procedure described by Koch and Mc-Meekin (1924) ; phosphorus percentage was determined according to the method of Troug and Mayer (1939) and potassium determination was done using photo-metrically flame photometer according to the method described by Brown and Lilleland (1946) . The plants were harvested two times through the growing season. The first and the second cuts took place on 15 th of June and 15 th of September in both seasons, respectively.
The data recorded were statistically analyzed and treatments were compared by using least significant difference L.S.D. test at 5% level according to Snedecor and Cochran (1980) by using Software (STATISTIX 9.0) (Analytical Software, 1985) .
RESULTS AND DISCUSSION 1. Plant Height and Number of Branches 1.1. Effect of irrigation water type
Data presented in table (3) revealed that plant height and number of branches were affected by type of irrigation water. Irrigation with magnetized water treatment gave highly significant increase in plant height and number of branches compared to irrigation with un-magnetized water (tap water). This increase may be due to breaking down of hydrogen bonds of the molecule of magnetized water that led to smaller-sized water molecules, which affected the physical changes of water, viscosity and density. This facilitated the entry of the water through plant cellular membranes and increased the absorption of water and may affect the production of the hormone (IAA),
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Doi: 10.21608/asajs.2020.67987 ‫ــ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ت‬ which leads to improve activity and division of plant cells. This reflects on the increase in plant height and number of branches (Rao, 2002) . These results were reported in the two cuts in both seasons, and are in agreement with those found by Takac et al. (2002) on tomato and pepper, Nasher (2008) and Hozayn and Abdul Qados (2010) on chickpea.
Effect of N-fertilizer rates
Data recorded in table (3) show that different rates of Nfertilizer at all concentrations gave highly significant increase in plant height and number of branches in comparison to control in the two cuts and both seasons. Increasing N-fertilizer rates increased plant height and number of branches. Furthermore, the superior treatment in this respect was that of N-fertilizer of 14 g/pot, which gave highly significant increase in plant height and number of branches compared to the other ones under study in the two cuts in both seasons.
The increment in the plant height and number of branches as a result N-fertilizer rates may be due to the effective role of the nitrogen, which is necessary for the synthesis of protein and cytokinin that affect the cell division and encourage the plant to carry more branches. These results are in accordance with those obtained by Baranauskienne et al. (2003) on thyme and Min et al. (2005) on Chrysanthemum coronarium.
Effect of interaction
Data presented in table (3) show that, the interaction treatments between type of irrigation water and N-fertilizer rates caused highly significant increase in plant height and number of branches of marjoram comparing with control. The tallest plant and more branches in this regard were obtained by using magnetized water with 14 g/pot comparing with other treatments. The reason for increasing in plant height and number of branches may be due to magnetized water that is easily absorbed by the process of root cells as water becomes a good ‫الزراعية‬ ‫للعلوم‬ ‫العربية‬ ‫اجمللة‬ ‫اجمللد‬ ‫الثالث‬ -( ‫العدد‬ 5 ) ‫يناير‬ 0202 9 3 carrier of nutrients, which works to activate the role of nitrogen in the protein synthesis and cytokinin that affect the division and growth of cells and reflect on increase in plant height and number of branches. These results are in agreement with those obtained by Carbonell et al. (2000) on Oryza sativaL, Oldacay and Erdem (2002) The data given in tables (4, 5 and 6) and fig. ( 2) indicate that, fresh and dry weights of herb, leaves, stem, root and roots length per plant of marjoram showed highly significant increase with type of irrigation water. Moreover, using magnetized water increased these parameters. The best treatment in these connections was that of magnetized water, which recorded highly significant increase compared to tap water. These results hold in the same direction in the two cuts in both seasons.
This result may be due to that magnetized irrigation water increases plant growth by crash hydrogen bonds, which facilitates the absorption of water by the root cells, as water becomes a good carrier of nutrients. Hence, biological processes within the plant increases, such as an increase in photosynthesis and the plants process an increase in the production of plant hormones; such as cytokinin, IAA and GA 3 and protein production increases (Colic et al., 1998) . These results are in accordance with those obtained by, Martinez et al. (2000) on 
Effect of N-fertilizer rates
Data presented in tables (4, 5 and 6) and fig. (2) demonstrate that, increasing N-fertilizer rates treatments led to highly significant increase in fresh and dry weights of herb, leaves, stem, root and roots length per marjoram plant in comparison to control, in the two cuts in both seasons. Also, the highest increase in this respect was obtained by using 14 g/pot compared to the control. Moreover, increasing N-fertilizer rates increased these parameters.
‫الزراعية‬ ‫للعلوم‬ ‫العربية‬ ‫اجمللة‬
‫يناير‬ 0202 Fig. (2) . Effect of irrigation water type, N-fertilizer rates and their interaction on root length of Majorana hortensis during the growing season 2014 -2015.
Rania M. Khater
Doi: 10.21608/asajs.2020.67987 Usha and Patra (2003) 
Effect of interaction
From the data presented in tables (4, 5 and 6) and fig. (2) , it is obvious that increasing N-fertilizer rates under the two types of water irrigation increased the fresh and dry weights of herb, leaves, stem, root and roots length per plant. However, the superior result in this concern was obtained by using magnetized water treatment in all cases, which gave highly significant increase comparing with other interactions.
Moreover, the interaction treatments between type of irrigation water and N-fertilizer rates gave highly significant increase in fresh and dry weights of herb, leaves, stem and root per marjoram plant comparing with that of other treatments.
The treatments of magnetized water with 7/g and tab water with 14/g of N-fertilizer increased fresh and dry weights of herb, leaves, stem, root and roots length per plant, but this increase was insignificant compared with using tap water only. Also, the treatments of tap water with 7/g of N-fertilizer and magnetized water increased fresh and dry weights of herb, leaves, stem, root and roots length per plant, but this increase was insignificant compared to using tap water only. These results were recorded in the two cuts in two seasons.
The increase of growth may be due to that magnetized water increases plant growth by facilitating the absorption of water by root cells, as water becomes a good carrier for foodstuffs. Thus it encourages the active role of the nitrogen, which leads to an increase in photosynthesis and production of plant hormones and increasing the production of the protein, which is reflected in the increase in growth. These results are in harmony with those obtained by Atak et al. (2000) on paulownia seeds, Maheshwari et al. (2000) on psyllium plants and Çelik et al. (2008) on Paulownia node.
Essential Oil Production and Chemical Constituents 3.1. Effect of irrigation water type
Data presented in table (7) reveal that, essential oil production including essential oil percentage and essential oil yield (ml/plot) increased when irrigated with magnetized water. Moreover, treatments gave an increase in essential oil production; including essential oil percentage and essential oil yield (ml/plot) compared with irrigation with tap water (unmagnetized water). Furthermore, irrigation with magnetized water led an increase in essential oil production; including essential oil percentage and essential oil yield (ml/plot) compared to irrigated plant with tap water.
This increment in these parameters may be due to the magnetized water that increased the vegetative growth and was reflected in essential oil percentage. These results were in agreement with those obtained by Hilal et al. (2002) on citrus and Alsafar and Al-Hassan (2009) on Mentha longifolia plant.
Effect of N-fertilizer rates
Data recorded in table (7) show that, N-fertilizer rates increased essential oil production including essential oil percentage and essential oil yield (ml/plot) in comparison with control in the two cuts in both seasons. Moreover, increasing Nfertilizer rates increased essential oil production including essential oil percentage and essential oil yield (ml/plot). Furthermore, the superior treatment in this respect was that of Nfertilizer rates 14g/pot which gave higher increase in these parameters in the two cuts in both seasons. Generally, the essential oil percentage and essential oil yield (ml/plot) were higher in the second cut than first cut.
The increment in the essential oil percentage and essential oil yield (ml/plot) as a result of N-fertilizer rates could be attributed to the effective role of nitrogen in enhancing vegetative growth and essential oil percentage in plant. These results are in accordance with those obtained by Singh and 
Effect of interaction
The results presented in table (7) indicate that increasing N-fertilizer rates under type of irrigation water increased essential oil production; including essential oil percentage and essential oil yield (ml/plot) of marjoram plant. The interaction between all treatments gave increase in these parameters and this increase was significantly compared to each treatment and control (tap water). The highest values in this respect were obtained by using 14 g/pot of N-fertilizer rates combined with using magnetized water, comparing with the other interactions. This treatment gave highly significant increase comparing with other interactions. These results hold true in the two cuts in both seasons.
The reason for increasing essential oil may be due to that magnetized water led to the revitalization of the active role of nitrogen and thus led to an increase in the plant growth, which led to an increase in essential oil percentage and yield (ml/plot). These results are in accordance with those obtained by Alsafar and Al-Hassan (2009) on Mentha longifolia plant and Maheshwari and Grewal (2009) 
on vegetables crop.
On the other hand, data presented in table (8) illustrate that the essential oil of marjoram plants obtained from the dry herb in the second cut of the second season (2014/2015) was analyzed by using GC Mass. The percentage of the main components were calculated and presented in table (8) and fig.  (1, 2, 3, 4, 5 and 6 ). Data show that terpinen-4-ol is the major compound in marjoram oil. Thirty compounds accounting for more than 99% of the total volatiles in most marjoram samples were detected and identified. There are differences in oil composition as affected by type of irrigation water and different rates of N-fertilizer. The predominant compounds presented under all treatments were recorded in table (8) . Data revealed that application of magnetized water with 14 g/pot of N-fertilizer recorded the highest percentage of terpinen-4-ol (the major compound in marjoram oil), α-terpinene, α-phellandrene, Ç-terpinene, αterpinolene, L-linalool, 2-cyclohexen-1-ol, L-menthone, 1-
borneol, α-terpineol and 2-cyclohexen-1-ol and linalool acetate, accompanied by a decrease in the other components, compared to the tap water (unmagnetized water) and other treatments. Some of these components are used for scenting cosmetics and others are used for flavoring pharmaceuticals; such as Dlimonene and linalool (Refaat, 1988) .
Total Carbohydrate Percentage 4.1. Effect of irrigation water type
The data reported in table (9) indicate that, irrigation with magnetized water treatment gave an increase in total carbohydrate percentage compared to irrigation with tap water, and this increase is statistically significant. These results hold the same direction in the two seasons.
These results may be due to the easy absorption of magnetized water by roots that has led to an increase in the absorption of nutrients and thus increases the photosynthesis process, leading to an increase in the material tending starchy and sugary and thus an increase in carbohydrate percentage (Pietruszewski, 1999) .
Effect of N-fertilizer rates
From data presented in table (9), it is obvious that, Nfertilizer treatments increased total carbohydrate percentage compared to control in the two seasons. Moreover, the best treatment in increasing total carbohydrate percentage was 14 g/pot and the results were statistically significant.
These results may be due to the effective role of Nfertilizer rates with the suitable role for increasing the plant growth and consequently increasing the absorption rate of elements and increasing the photosynthesis, which was reflected in enhancing the percentage of carbohydrate. These results are in agreement with those reported by Kumawat and Gaur (2004) on psyllium and El-Shakry (2005) on sweet fennel plants.
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Effect of interaction
The results presented in table (9) indicate that, increasing N-fertilizer rates under type of irrigation water increased total carbohydrate percentage of majoram plant.
The interaction between using magnetized water plus 14 g/pot, magnetized water plus 7 g/pot and tap water plus 14 g/pot of N-fertilizer treatments gave increase in total carbohydrate percentage, and this increase was significant, compared to other treatments and control (tap water). However, the treatments of tap water plus 14 g/pot, tap water plus 7 g/pot and magnetized water gave an increase in total carbohydrate percentage and this increase was insignificant compared to each of the other treatments and control treatment (tap water). The highest values in this respect were obtained by using 14 g/pot of N-fertilizer combined with magnetized water comparing with the other interactions. This treatment gave a highly significant increase comparing with other interactions. These results hold the same direction in the two seasons.
These results may be attributed to the speed of roots absorption of magnetized water to an increase in the absorption of nutrients, which led to revitalize the role of nitrogen and an increase in photosynthesis, and therefore, tend to increase carbohydrates (Jones, 1986) . These results are in agreement with those obtained by Omer et al. (2008) Table ( 9) showed that, plants irrigated with magnetized water, total nitrogen, phosphorus and potassium percentages increased in the two cuts in both seasons. At the same time, these parameters were significantly increased as a result of using magnetized water treatment compared to the other treatments. The superior treatments in this concern were that irrigation of plants with magnetized water, which showed higher increase in this respect compared to the other treatments in the two seasons.
The increase may be due to the role of magnetized water in excess soluble salts in the soil and increase the efficiency of absorption and movement of nutrients from the soil to the roots and then speed to shoot (Kronenberg, 2005) . These results are in line with those stated by Atak et al. (1997) and Özalpan et al. (1999) on soybean.
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Effect of N-fertilizer rates
From the data presented in table (9), it is obvious that, Nfertilizer rates at all treatments increased total nitrogen, phosphorus and potassium percentages compared to control in the two seasons. Moreover, the best treatment for increasing total nitrogen, phosphorus and potassium percentages was tap water with 14 g plus/pot of N-fertilizer.
These results may be due to the effective role of Nfertilizer with the suitable role for increasing the plant growth and consequently increasing the absorption rate of N, P and K, which was reflected in enhancing the percentages of these elements. Such results are in harmony with those reported by Dasha et al. (2006) on Mentha arvensis and Phuong et al. (2008) on Ocimum basilicum.
Effect of interaction
As shown in table (9), it is clear that the plants irrigated with magnetized water under N-fertilizer rates; nitrogen, phosphorus and potassium percentages increased and this increase was significant compared to other treatments and control (tap water). Moreover, the interaction between types of irrigation water under N-fertilizer rates caused significant increase in nitrogen, phosphorus and potassium percentages of marjoram plant. Also, increasing the N-fertilizer rates under type of water irrigation caused a significant increase in total nitrogen, phosphorus and potassium percentages. However, the superior treatments in this regard were plants irrigated with magnetized water and using 14 g/pot N-fertilizer comparing to other treatments.
It may be caused as a result of that magnetized water and nitrogen led to increasing the efficiency of nutrient uptake and increased movement of nutrients from the soil to the roots and thus increases the absorption rate of N, P and K, which was reflected in strengthening the ratios of these elements within the plant cells (Namba et al., 1995) . These results agree with those obtained by Oldacay and Erdem (2002) on Helianthus annuus, and Dasha et al. (2006) on Mentha arvensis. 
